W
hile a great deal is known about the diagnosis and treatment of cough, there are methodological challenges that need to be solved for there to be further advances in our understanding of how to best manage patients with this common symptom. One of the most basic of these challenges is the development of a valid and reliable method by which to assess the impact of cough on the health-related quality of life of patients. Such a method would provide an important measure of the efficacy of cough therapies.
In a preliminary, prospective, before-and-after, intervention trial in patients with chronic cough, we have previously shown 1 that the adverse cough outcome survey had potential to become such a tool. The adverse cough outcome survey that was evaluated in our initial study contained 29 items. It was a fixed-alternative, yes-or-no questionnaire. The 29 items were initially chosen based on empiric modeling from our concrete clinical experience of Ͼ 25 years of studying patients with cough. Utilizing and comparing it to a concurrently administered sickness impact profile, we showed that the adverse cough outcome survey had construct validity as a method of assessing the impact of chronic cough on quality of life and that it was a relatively simple, brief, and easy-to-understand yet comprehensive questionnaire that could be self-administered in a matter of minutes. While we were able to determine that the adverse cough outcome survey had construct validity, we realized that it needed to be refined and then fully psychometrically analyzed.
To broaden the applicability of the adverse cough outcome survey to a more diverse group of patients, we have modified it by dropping one redundant item and slightly rewording five items. We have also replaced the fixed-alternative, yes-or-no answer format with a 4-point Likert-type scale. This makes the instrument more responsive to change because the best response to a question is not always a simple yes or no. In order to determine the quality of our modified 28-item questionnaire as a cough-specific quality-of-life tool, we prospectively administered it to different groups of adult coughing subjects and then subjected the data to a variety of psychometric analyses. The results of this study are reported herein.
Materials and Methods

Patients
Three different groups of coughing subjects were prospectively studied. The first group comprised patients who had complained of cough for at least 8 weeks, who we referred to as chronic coughers. The second group comprised patients who had complained of cough for no more than 3 weeks, who we referred to as acute coughers. The third group comprised smokers who had a cough but were not complaining of cough. While chronic and acute coughers were seeking medical care because of their cough, smokers were not seeking medical care but were observed to be coughing in an employee smoking area. Prior to embarking on this study, approval was obtained from our institutional review board.
Study Design
In order to determine the quality of our modified 28-item cough-specific quality-of-life questionnaire (CQLQ) in assessing the impact of cough, we prospectively collected demographic data on the three groups of subjects and then had them self-administer the CQLQ. Chronic coughers were evaluated and managed in our clinic according to a previously validated, systematic, diagnostic protocol 2 ; when their coughs had disappeared as a complaint, the CQLQ was readministered. Once all data had been collected, the data were subjected to a variety of psychometric analyses.
CQLQ
The CQLQ is a 28-item paper-and-pencil survey developed by the authors. Each item is scored on a 4-point Likert-type scale (1, strongly disagree; 2, disagree; 3, agree; 4, strongly agree; see "Appendix"). The lowest possible achievable total score indicating no adverse effects of cough on quality of life is 28, and the highest possible total score is 112.
Statistical Analysis
Using a comprehensive computer software system for analyzing and managing data (SPSS, version 10.0; SPSS; Chicago, IL), we conducted a variety of standard statistical analyses to develop and assess the reliability and validity of a health-related qualityof-life instrument. Factor analysis (FA) was conducted on data from chronic coughers and acute coughers to determine the dimensionality of the items; that is, to determine whether or not they formed only one overall factor (ie, subscale) or more than one. This analysis allowed us to assess preliminarily the underlying constructs of the CQLQ.
Internal consistency and reliability were assessed by computing the Cronbach ␣, performing interitem correlations, and making test-retest comparisons. The Cronbach ␣ was computed for the total CQLQ scale and for each of the six subscales that had been derived from the FA of data from chronic coughers and acute coughers. As a point of reference, Cronbach ␣ values Ն 0.9 indicate excellent internal consistency. Values Ն 0.8 are considered to be good, and values Ն 0.6 are considered to be moderate. Interitem correlations were examined to evaluate for further evidence of homogeneity of the 28 items of the CQLQ and for potential redundancies of items. Test-retest reliability was assessed in chronic coughers by performing paired t tests and intraclass correlations on data collected within 2 weeks of each other. A reliable instrument will perform in a similar fashion both times it is administered if no events have occurred between administrations that might impact responses to the instrument.
Construct validity was assessed in several ways. First, the answers of chronic coughers, acute coughers, and smokers were compared using analysis of variance (ANOVA), followed by a Tukey honestly significant differences (HSD) test of contrasts among all possible pairings. Then, pretreatment vs posttreatment scores among cured chronic coughers were assessed by paired t tests.
Glossary of Terms
While there is no universally accepted definition of quality of life, in this study we use the term "health-related quality of life." It is defined as a patient's perception of the impact of health and disease on multiple domains of his/her life (eg, physical function or psychosocial state). The domains we assess are represented by the six subscales identified by FA. Based on their content, we named the subscales physical complaints, psychosocial issues, functional abilities, emotional well-being, extreme physical complaints, and personal safety fears.
FA is a statistical procedure for reducing a large set of variables into smaller sets of variables that share common characteristics. It disentangles complex interrelationships among variables and identifies sets of variables that fit together. It is a multistage mathematical modeling technique the intent of which is to reveal the constructs that underlie responses to batteries of questions. It can be used to determine which items should be included in survey instruments such as health-related quality-of-life instruments like the CQLQ. This technique also helps to determine the underlying dimensionality of a measure, for example, whether or not the CQLQ is composed of subscales that assess the underlying dimensions of quality of life related to chronic cough problems.
Not all factors in a FA may be relevant or useful. To determine which factors to retain in the analysis, eigenvalues are computed. Eigenvalues describe the total variance accounted for by each factor. The eigenvalues then are plotted in descending order. This plot is known as a scree plot because there tend to be one or more relatively large eigenvalues followed by very small values, which makes the plot resemble a scree or low slope of loose rubble of rocks that forms at the bottom of a steep cliff. Larger eigenvalues assume a steeper slope from the smaller eigenvalues, forming a break between two sets of eigenvalues. The larger values are those that are retained for rotation. This method of determining the number of factors to retain in a FA is more dependable than the traditional method of choosing those factors the eigenvalues for which are Ͼ 1. All factors retained in this study met both criteria.
Results
Characteristics of Study Groups
The group of chronic coughers were composed of 154 subjects (38 men and 116 women) with a mean (Ϯ SD) age of 54.3 Ϯ 14.3 years (white, 149; African American, 4; and Hispanic, 1). They had complained of cough for an average of 76.6 Ϯ 83.6 months. The group of acute coughers was composed of 30 subjects (14 men and 16 women) with a mean age of 52.3 Ϯ 14.5 years (white, 30). They had complained of cough for Ͻ 3 weeks. The group of smokers was composed of 31 subjects (9 men and 22 women) with a mean age of 41.4 Ϯ 11.3 years. Their racial information was not collected.
Based on pretreatment diagnostic criteria, 2 the spectrum and frequency of presumptive causes of cough in the 154 chronic coughers included postnasal drip syndrome from a variety of rhinosinus conditions in 81.2%, gastroesophageal reflux disease in 72.3%, asthma in 31.6%, chronic bronchitis in 5.8%, angiotensin-converting enzyme inhibitor in 3.9%, bronchiectasis in 2.5%, aspiration due to pharyngeal dysfunction in 1.9%, hypersensitivity pneumonitis in 1.3%, and 0.6% each for bronchogenic carcinoma, endobronchial cyst, eosinophilic bronchitis, and bronchiolitis.
Based on posttreatment diagnostic criteria, 2 the spectrum and frequency of definitive causes of cough in the subgroup of 24 chronic coughers in whom the pretreatment vs posttreatment cure analysis was performed included postnasal drip syndrome in 91.7%, gastroesophageal reflux disease in 70.8%, asthma in 41.7%, angiotensin-converting enzyme inhibitor in 12.5%, hypersensitivity pneumonitis in 8.3%, and aspiration due to pharyngeal dysfunction in 4.2%. With respect to the multiplicity of the causes of chronic cough, five patients (20.8%) had one cause, nine (37.5%) had two causes, eight (33.3%) had three causes, and two (8.3%) had four causes.
Based on pretreatment diagnostic criteria, 3 the presumptive cause of cough in the 30 acute coughers was postnasal drip syndrome in 26 (86.6%) [common cold, 21 patients; acute bacterial sinusitis, 3 patients; and allergic rhinitis, 2 patients], asthma in three (10%) patients, and gastroesophageal reflux disease in 1 (3.3.%) patient.
FA
The scree plot of the eigenvalues suggested that six factors or subscales should be extracted and rotated. All extracted factors had eigenvalues of Ͼ 1. These six factors accounted for 60.95% of the variance. Items were determined to belong to a subscale if they had factor loadings of Ն 0.425 on the associated rotated factor. This resulted in the six subscales listed in Table 1 . Only two items overlapped subscales, which are identified in the footnote of Table  1 . The subscales were labeled on the basis of their content. A higher order FA of the six subscales resulted in one factor that had an eigenvalue of 4.19 and accounted for 59.7% of the variance. Correlations among the subscales varied from 0.23 to 0.68 with p values that ranged from Յ 0.05 to Ͻ 0.001. These results demonstrate that the CQLQ has dimensionality consistent with a quality-of-life tool.
Internal Consistency Analysis
The Cronbach ␣ values for the total CQLQ and each of its six subscales are shown in Table 2 . They show that the total CQLQ has excellent internal consistency and that its subscales have moderate-togood internal consistency.
Interitem correlations for items on the full CQLQ ranged from Ϫ0.06 to 0.72, with a mean interitem correlation of 0.28. Interitem correlations for each of the six subscales showed the following ranges and means: physical complaints, 0.15 to 0.49 (mean, 0.31); psychosocial issues, 0.30 to 0.71 (mean, 0.50); functional abilities, 0.34 to 0.72 (mean, 0.55); extreme physical complaints, 0.32 to 0.47 (mean, 0.38); emotional well-being, 0.28 to 0.54 (mean, 0.43); and 
Test-Retest Reliability
Test-retest reliability analysis was conducted among chronic coughers. Table 3 shows the results of test-retest reliability of intraclass correlations and paired t tests between scores of chronic coughers for the two administrations of the CQLQ. The intraclass correlations for the complete CQLQ and for all six subscales were significant and consistently high. Paired t tests were all nonsignificant, complementing the high correlations. These results show that individual scores on the CQLQ and its subscales were very similar both times that they were administered. Table 4 summarizes the means and SDs of the data for the total CQLQ and its subscales for chronic coughers, from which Figure 1 was constructed. Figure 1 , top, shows that the scores of the total CQLQ on the second administration, which occurred 2 weeks after the first, did not differ significantly from the first administration. Figure 1 , bottom, shows similar results for each of the six subscales.
Validity
A comparison of the results for the three groups by ANOVA followed by the Tukey HSD test of contrasts among all possible pairings showed significant differences among the three groups on the full-scale CQLQ and on each of the six subscales. Table 5 summarizes the means and SDs and ANOVA scores of data for the total CQLQ and its subscales for all cohorts of coughers from which Figure 2 was constructed. Figure 2 , top, shows the results of the total CQLQ scores in the three groups. While the total scores of both chronic and acute coughers were significantly higher than those of smokers, they were similar to each other. Follow-up tests of contrasts indicated that both the chronic and acute coughers scored significantly higher than the smokers on the full-scale CQLQ (Fig 2, top) and each of its six subscales (Fig 2, bottom) . When subscale scores of chronic and acute coughers were compared, chronic coughers scored significantly higher than acute coughers on the psychosocial issues and emotional well-being subscales (Fig 2, bottom) . Table 6 summarizes the mean and SD data of the total CQLQ and subscale pretreatment and posttreatment scores in chronic coughers, from which Figure 3 was constructed. The scores on the fullscale CQLQ were significantly lower posttreatment, when cough had disappeared as a complaint, than they were prior to treatment (Fig 3, top) . Figure 3 , bottom, shows similar results in all six subscales. Moreover, intraclass correlations among the subscales from one administration to the other were all nonsignificant, ranging from Ϫ0.03 to 0.04.
Discussion
By psychometrically analyzing CQLQ data from patients complaining of chronic and acute cough, and smokers with a cough who were not complaining of it, two major conclusions emerged.
First, the 28-item CQLQ qualifies as a coughspecific quality-of-life instrument 4 that is reliable and valid for evaluating the impact of acute and chronic cough on adult patients. To our knowledge, the CQLQ is unique because there is no other cough-specific quality-of-life instrument. On the basis of FA of the data from acute and chronic coughers, the CQLQ is composed of six subscales with minimal overlapping of items (Table 1) . Correlations among the subscales are low to moderate and significant, demonstrating that although high-order FA indicated that these subscales are all measuring the same thing, nonetheless, the subscales are sufficiently differentiated from each other to provide useful information when used separately. The reliability of the total CQLQ and its subscales was established in a variety of ways. With respect to the reliability of data in chronic and acute coughers, the Cronbach ␣ score of 0.92 for the total 28-item CQLQ shows excellent internal consistency reliability; the ␣ values for the six subscales range from moderate to good (Table 2) . Test-retest reliability assessed in chronic coughers demonstrates that the answers on the total CQLQ and its subscales when readministered to the same patients provided similar and stable responses over time (Table 3) . Intraclass correlations for the total CQLQ and for all six subscales were significant and consistently high, indicating that patients responded similarly over time. The results of paired t tests were all nonsignificant, indicating that the scores did not change significantly over time.
The construct validity of the total CQLQ and its subscales was established by comparing the baseline scores among the three groups of subjects, chronic and acute coughers and smokers, by ANOVA and Tukey HSD test and by comparing pretreatment vs posttreatment cure scores in a subgroup of chronic coughers. While total CQLQ scores for chronic and acute coughers were significantly higher than Smokers, they were similar to each other (Fig 2, top) . On the other hand, although all subscale scores for chronic and acute coughers were significantly higher than those for smokers, chronic coughers scored higher than acute coughers on the subscales of psychosocial issues and emotional well-being (Fig 2,  bottom) . Future studies will be needed to confirm the consistency of and importance of this difference. When posttreatment cough cure scores were compared to pretreatment scores in a group of chronic coughers, the total scores and all subscale CQLQ scores had significantly decreased from pretreatment values. Intraclass correlations among the subscales from one administration to the other provided additional evidence of validity. The correlations were all nonsignificant and ranged from Ϫ0.03 to 0.04, indicating a substantial change after medical intervention. At a time when these chronic coughers were no longer complaining of cough, their mean posttreatment CQLQ score was 30, approaching the lowest possible achievable score of 28.
Our study was not designed to determine whether the adverse effects of cough on the quality of life and the results of the CQLQ that we observed in our subjects are generalizable to other adult patients who seek medical attention complaining of cough. While the CQLQ was designed to evaluate the major meaningful psychosocial and physical complications of cough that have been reported in patients with acute and chronic cough, 1, 3, 5 and while the ages, gender, duration, and spectra of the presumed and definitive causes of chronic cough in our subjects are similar to the results in multiple other prospective studies, 1,2,6 -9 future studies will be needed to determine the generalizability issue, particularly in subjects of different races and different socioeconomic status. The overwhelming majority of acute and chronic coughers in our study were white.
Second, the CQLQ is a valid method by which to assess the efficacy of cough therapies in chronic coughers. This conclusion is based on the comparison of pretreatment vs posttreatment cure data in chronic coughers described above. While the ability of the CQLQ to assess the efficacy of cough therapies in acute coughers was not evaluated in this study, the following reasons suggest that it will likely be shown to be a valid means of doing so in future studies: (1) the CQLQ was developed with data from both acute and chronic coughers; (2) the pretreatment total CQLQ scores in acute coughers were similar to those of chronic coughers (Fig 2, top) ; and (3) the comparison of pretreatment subscale scores between acute and chronic coughers revealed that both groups complained of similar types of adverse occurrences related to cough and complained significantly more than our control group (Fig 2, bottom) . Therefore, it is reasonable to speculate that when cough goes away as a complaint, the CQLQ scores will similarly drop, whether they reflect the impact of an acute or a chronic cough.
Clinical Implications
To optimally evaluate the impact of cough on patients and to assess the efficacy of cough-modify- ing agents, investigators ideally should use both subjective and objective methods because they have the potential to measure different aspects of cough. Subjective measures are likely to be the ones that will best reflect the severity of cough from the subject's perspective, because a subjective response most likely integrates both cough frequency and intensity. With respect to subjective methods, we believe that the 28-item CQLQ reported on herein should be routinely used in adults because, to our knowledge, it has been shown, in adults, to be the only reliable, valid, simple, easy-to-use and easy-tounderstand outcome measure that can be selfadministered by patients in a matter of minutes. The only other reliable and validated subjective instrument that we are aware of has been developed by Faniran et al 10 for use in children for measuring the prevalence, morbidity, and risk factors of persistent cough in epidemiologic studies. With respect to objective methods, the ideal method should be one that allows for cough to be automatically counted for Ͼ 24 h in ambulatory Figure 2 . A comparison of the total CQLQ and subscale scores for chronic and acute coughers and smokers. Top: the total CQLQ scores of both chronic and acute coughers were significantly higher than those for smokers but were similar to each other. Bottom: all six subscale scores of both chronic and acute coughers were significantly higher than those for smokers. Scores of chronic coughers were also significantly higher than acute coughers on psychosocial issues and emotional well-being subscales. The results that were similar to each other are identified by similar superscript letters. The data are plotted as the mean Ϯ SE.
settings. While it is theoretically possible to design and construct such a device that would also be relatively unobtrusive, reliable, and accurate for detecting and counting coughs, 11 one is not yet available. This is a methodological challenge that remains to be solved.
Appendix: The CQLQ
This instrument (The Cough Quality of Life Questionnaire ©2000 by Richard S. Irwin, Cynthia T. French, and Kenneth E. Fletcher; all rights reserved) is protected by copyright. No part of it may be modified, reproduced, translated, stored in a retrieval system, transmitted in any form or by any means, or utilized without the prior written consent of the authors. (For information, please write to Dr. Irwin.)
Instructions for Administrator of Instrument
Because subjects may have complaints other than cough, it is extremely important that you clearly emphasize that the questionnaire pertains only to cough and how cough affects the subject. It is vital that these instructions be clearly emphasized by you prior to each administration.
Instructions for Respondents
Please indicate below how your cough bothers you. Circle the response option that best describes the degree of your agreement concerning each of the following 28 statements. Please respond to every item. Thank you for your help. 28. I am concerned that I have something seriously the matter with me.
Response Options
The response options are as follows: strongly disagree, 1; disagree, 2; agree, 3; strongly agree. 4.
Scoring
The total score is the sum of all individual items. Subscale scores are the sum of the items identified for each subscale.
